Accidental exposure to ionising radiation may occur during such catastrophic events as the Chernobyl accident in 1986 or for days and weeks as in Goiania in 1987 and in the military camp during the training of soldiers in LildGeorgia in 1997 as well a î in medical institutions. The cutaneous symptoms after radiation exposure are hased on a combination of idammatory processes and aiteration of cellular proiiferation as a result of a specific pattern of transcriptionally activated proinflammatoric cytokines and growth factors. They follow a t h e course consisting of prodromal erythemg manifestation, chronic stage, late stage and they are referred to as Cutaneous Radiation Syndrome. The time course depends on several factors such as the applied radiation dose, radiation quality, individual radiation sensitivity, the extent of contamination and absorption and volume of the skin. For diagnostics of the cutaneous radiation syndrome the following procedures are wed: 7.5 MHz to 20 MHz-B-scan-sonography, thermography, capillary microscopy, profilometry, nuclear magnetic resonance imaging, hone scintigraphy and histology. Based on the results of experimental and clinical research of the last years pharmacotherapy of the cutaneous radiation syndrome includes topic or systemic application of corticosteroids, gamma-interferon, pentoxifylline and vitamin E and superoxide dismutase. The treatment depends on the stage of the cutaneous radiation syndrome. Due to the complexity of the clinical manifestations of radiation disease in most patients an interdisciplinary treatment in specialised centres is necessary. Dermatologists are asked to perform in most cases Me-long therapy and follow-up of the patients.
Introduction
Ionising radiation causes severe acute and chronic reactions in skin. In contrast to older viewpoints focussing mainly on the antiproliferative effects of ionising radiation on hypothetical stem cells, recent scientific progress demonstrated that these radiation-induced cutaneous reactions are caused by complex interactions between anti-proliferative and proinflammatory processes, involving a variety of cytokines and adhesion molecules, in a clinically well-defined time pattern, for which the term cutaneous radiation syndrome (CRS) has been coined (Peter, 1993; .
Clinics
Generally, the course of cutaneous radiation syndrome (CRS) follows a distinct clinical pattern. The stages of CRS are summarised in Table 1 . Within minutes to hours after exposure an erythematous rash develops, which may be associated with burning itch (Peter, 1993; . This prodromal stage is transient in nature. The manifestation stage is characterised by erythema and eventually discrete scaling. In severe cases, subepidermal blisters and ulcers may develop. Among the chronic sequelae xerosis, hyper-and hypopigmentation are characteristic features, apart from epidermal atrophy, radiation fibrosis, radiation keratosis, ulcers, teleangiectasias, radiation lentigo and subungual splinter hemorrhages (Peter, 1993;  Peter et al., 1997). Basal and squamous ce11 carcinomas may develop (Gottlober (Peter, 1993; Gottlober, 2000) . Phases cliniques du syndrome d'irradiation cutané (Peter, 1993 ; Gottlober, 2000) . et al., 1999) . The time course depends on several factors such as the applicated radiation dose, radiation quality, individual radiation sensitivity, the extent of exposure, contamination and absorption and volume of the skin.
Diagnosis
For diagnostics of the cutaneous radiation syndrome the following procedures are used: 7.5 MHz to 20 MHz-B-scan-sonography, thermography, capillary microscopy, profilometry, nuclear magnetic resonance imaging, bone scintigraphy and histology (Gottlober et al., 2000) .
The 20 MHz-sonography is a frequently used, reproducible, non-invasive method for evaluation of skin thickness and skin density in patients with cutaneous radiation fibrosis (Fomage et al., 1993; Gropper et al., 1993; Gottlober et al., 1997) . The 20 MHz-scanner with an axial resolution of about 80 pm and a lateral resolution of 200 pm is suitable to investigate epidermis, dermis and subcutaneous fat tissue up to a depth of about 10 mm. The depth of cutaneous radiation ulcers can be determined by sonography before and during therapy. The 7.5 MHzsonography is a well established, non-invasive procedure for evaluation of dermis, subcutaneous fat tissue, muscle fascia and musculature. Radiation fibrosis of subcutis and deeper radiation ulcers can be determined by 7.5 MHz-sonography (Gottlober et al., 2000; Fornage et al., 1993; Gropper et al., 1993; Gottlober et al., 1997) .
Thermography is a useful method for quantification of the skin temperature and heat loss of the body (Koteless et al., 1998) . The skin surface temperature and the emitted heat from the body surface are connected with the cutaneous vesse1 system. The measurement of the skin surface temperature and heat loss from the skin is an indirect parameter for the vascularisation of the skin. Such techniques like infrared thermogaphy, microwave thermography and liquid-crystal-contactthermography are available (Gottlober et al., 2000; Koteless et al., 1998) . There is a significant lower local skin surface temperature in patients with necrosis. A significant higher skin temperature was observed in patients with inflammations (Gottlober et al., 2000; Koteless et al., 1998) .
Capillary microscopy is a non-invasive method for a qualitative and quantitative evaluation of the capillaries of the stratum papillare of the dermis (Bahmer, 1992) . The capillaries of the nail fold of fingers or feet are dilated in patients with the manifestation stage of CRS. The capillaries are smaller and rare in patients with the chronic stage of CRS (Bahmer, 1992) . Additionally subungual splinter hemorrhages may visible in distal parts of the nail bed in these stages (Peter et al., 1994) .
Profilometry is the most common method to quantify the skin topography in two and three dimensions (Gottlober et al., 2000) . The analysis of the vertical and horizontal distribution of the furrows gives information on skin surface.
Nuclear magnetic resonance imaging is a non-invasive, well-established approach for the examination of the signal intensity of dermis, subcutaneous fat tissue, muscle and bone (Gottlober et al., 2000) . Morphological changes can be discovered. The increase of the signal intensity in the nuclear magnetic resonance imaging is the result of fluid in the tissue that may occur through inflammation, oedema or necrosis. A reduced content of fluid in the tissue leads to a decrease of signal intensity (Gottlober et al., 2000) . With nuclear magnetic resonance imaging the extent of skin ulcers in radiation exposed patients could be evaluated. A disadvantage of this method is the lacking ability to discriminate between necrosis and inflammation.
Bone scintigraphy allows information about the activity in bone under radiation ulcers (Gottlober et al., 2000) .
Histology is an invasive method for determination of CRS. The histology of the manifestation stagehbacute stage of CRS demonstrates dilated blood vessels, oedema and multiple infiltrations consisting mainly of neutrophils and eosinophils. The histology of the chronic stage/late stage of CRS is characterised by epidermal atrophy or akanthosis, fibrosis of the dermis, rare lymphohistiocytic infiltrations, dilated blood and lymphatic vessels in the upper dermis, hypo-and hyperpigmentation and a loss of skin appendices (Peter, 1996; Gottlober et al., 2000) .
The exposure to high single radiation doses affects the reproductive system (Peter, 1993; Gottlober et al., 2000a; 2000b) . After total doses of more than 1.5 Gy persistent azoospermia is to be expected (Gottlober et al., 2000a) . In radiation exposed patients a semen analysis should be performed. Furthermore, blood levels of luteinizing hormone (LH), follicle stimulating hormone (FSH), testosterone and prolactin should be measured (Gottlober et al., 2ûûûa; 2000b) .
Treatment

Conservative treatment
Treatment has to focus on the stage of CRS and the avoidance of additional risk to the patients (Gottlober et al., 2000b) . The therapeutic regirne is summarised in Table II. 2000a; Peter et al., 1994; . In more extensive lesions, oral application of retinoids should be recommended (Gottlober et al., 2000a; Peter et al., 1994; . Radiation fibrosis is characterised by an increase of collagen fibres by affected fibroblasts. If left untreated, persistent cutaneous fibrosis may give rise to ulceration. Various approaches have been undertaken to antagonise this chronically inflammatory process, among these systemic and topical application of superoxide dismutase, systemic application of pentoxifylline and alpha-tocopherol and proteinase inhibitors (Lefaix et al., 1993; 1999; .
Interferon gamma inhibits collagen production by human dermal fibroblasts . Interferon gamma should be scheduled on a low-dose regimen, 2-3 x 100 yglweek S.C. for 6 months, then once per week for another 6 months. A decrease in skin thickness could be observed 6 months after initiation of therapy Gottlober et al., 2001 ).
Cutaneous radiation ulcer should be treated with topical dressings of tetrachlorodekaoxide (TCDO). TCDO induce considerable granulation and reepithelization in ulcers. Additionally, hydrocolloid dressings or topical thrombocytic growth factors could be used (Gottlober et al., 2000a; Peter et al., 1996) . A recent interesting alternative is wound dressings with semipermeable fibres (BiocellR, Germany) a systematic evaluation of this new approach is pending. Integra, another semi-synthetic skin equivalent has effectively k e n used to cover large surgically removed radionecrotic skin (Carsin, persona1 communication).
Surgical treatment
If the conservative therapy of radiation ulcers or radiation fibrosis is not successful, a surgical treatment should be performed.
Surgical procedures include the excision of ulcers or fibrosis, primary wound closure or split or full thickness skin grafts or vasculatized flaps (Marks et al., 1992; Rieck et al., 1996) . The detailed surgical procedures are summatised in the manuscript of Dr. Carsin.
